Abstract. Lake Manzala is the largest Egyptian lagoon which is considered as one of the most important fishing sources in Egypt. The lake faces a lot of environmental challenges which affect its water quality status. The main objective of this study is assessing the water quality status of the lake using an appropriate Water Quality Index (WQI). Records for twelve water quality parameters during the period from August 2010 to August 2012 were collected from 11 stations in the lake and from 4 stations at the drains outlets. Two Water Quality Indices (National Sanitation Foundation WQI and Lagoon WQI) and a GIS tool were used to assess and spatially assign the water quality conditions of the lake. The results reveal critical water quality conditions for the lake. The eastern and southern zones of the lake have the worst water quality conditions, ranking as a "Very Bad" water quality status, according to L-WQI. While the western zone of the lake has the best water quality condition, which is "Good", according to L-WQI. Bahr Elbaqar drain has the worst water quality status "Very Bad", among the studied drains, which affect the water quality conditions of the lake, in particular the eastern zone of the lake. The worst water quality status of the lake was recorded in August 2011, according to both used indices. The spatial assigning of the lake water quality conditions ensures that the lake should be divided into different zones for fishing and other objectives. An urgent water quality management strategy should be implemented for the lake.
INTRODUCTION
Along the Egyptian northern coast, five coastal lakes are exhibited by the Mediterranean (Fig. 1) . These lakes represent an important fishing source to Egypt; these lakes were contributing by more than 50% of Egypt total fish production (Mehanna et al., 2014) . Presently, their contribution is decreased to be about 11% (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) and to be about 9.96% in 2013 (GAFRD, 2014) . Mainly, due to human activities, these lakes are severely environmentally degraded. Lake Manzala, which is considered as the largest one of them, is the most productive lake in Egypt. Due to the increasing of industrial, municipal and agricultural waste water discharge, the water quality status and the fish production of the lake have been degraded. Several publications have investigated the environmental problems of the lake, however, the WQI concept has never been used to investigate the lake water quality status. In 2004 (Donia and Hussein, 2004) and in 2006 (Ahmed et al., 2006) , the lake trophic status was investigated, a spatial distribution map of the lake trophic status was presented. That map clearly shows that the southern sector of the lake has environmental problems. In 2011, An integration between Real Time Water Quality (RTWQ) monitoring, for some water quality parameters, and satellite systems, by developing statistical relationships, was achieved (Ibrahim, 2011) . The ecological changes of Lake Manzala due to the human activities, including the discharge of sewage and industrial waste and the establishment of Elsalam Canal and road networks, were studied using satellite images (Ahmed et al., 2009) . The authors reported a decrease by about 50% from 1973 until 2003 in the overall size of the lake.
A water quality index (WQI), which is defined as a mathematical approach which aggregates data on two or more water quality variables (such as DO, pH…etc.) to produce a single number, is used to classify the water quality status of a water body. Using of WQI concept is essential to control and design water quality management strategies. A recent survey of using WQIs to assess lakes and lagoons can be seen in Table 1 , which shows that National Sanitation Foundation NSF-WQI is the most used WQI for lakes and lagoons. It can be noted that choosing of the suitable WQI depends on the objectives of the lake water (i.e. drinking, irrigation, etc.). For lagoons, it is difficult to decide which WQI can be used due to its transitional characteristics which limit its objectives. The main objective of this study is assessing the water quality status of the lake using records for twelve water quality parameters from 11 stations in the lake and 4 stations in the main connected drains during the period from August 2010 to August 2012. Two water quality indices (NSF-WQI and Lagoon WQI) and a GIS tool were used to assess and spatially assign the water quality conditions of the lake. Zarivar Lake, Iran (Sharifinia et al., 2013) RoopSagar pond, India (Vaheedunnisha and Shukla, 2013 ) Gorewada lake, Futala Lake, Ambazari lake and Gandhisagar Lake, India (Puri et al., 2011) German-Polish Szczecin Lagoon (Daniszewski, 2014) Alamean (Giordani et al., 2009) Coastal lagoons of Western Greece (Christia et al., 2014) Canadian Council of Ministers of the Environment WQI (CCME-WQI)
Rudrasagar Lake, India (Pal et al., 2015) Fort Lake of Belgaum, India (Giriyappanavar and Patil, 2013 ) Gangasagar Lake, India (Kankal et al., 2012) Bascaron WQI Tirana Artificial Lake. Albania (HODAJ et al., 2015) Ambazari lake, India (Puri et al., 2015) Dokan Lake Ecosystem, Kurdistan Region, Iraq (Alobaidy et al., 2010) Malaysian Department of Environment Water Quality Index (DOE-WQI)
Chini Lake, Malaysia (Shuhaimi-Othman et al., 2007) Chow-Fraser WQI and Wetland Fish Index
Frenchman's Bay, Canada (Seilheimer et al., 2007) Lagoon WQI (L-WQI) Küçükçekmece Lagoon, Turkey (Taner et al., 2011) 
MATERIALS AND METHODS
This section includes summarized descriptions for the study area and the collected field data and the two used water quality indices, the National Sanitation Foundation WQI (NSF-WQI) and the Lagoon WQI (L-WQI).
Study area
Lake Manzala, the largest Egyptian Lagoon, lies on the eastern boundary of the Nile Delta. It is about 47 km long and 30 km wide, it is classified as a shallow lake as its water depth ranges from 0.7 to 1.5 m. The lake has a large number of islands which covers about 23% of its total area (El-Bayomy 1994), Fig. 1 shows the layout of Lake Manzala. It is connected to its three boundaries on the west, north and east. It receives a small discharge of freshwater through the Enanya Canal which links the lake to Damietta Branch, of the River Nile, to the west. While a very narrow canal (El-Qabuty Canal) connects the lake to Suez Canal (saline water) to the east. The northern boundary of the lake is the Mediterranean Sea, there are several connections (outlets) between it and the lake. These outlets improve the water quality status of the lake, the main outlets are El-Gamil and the New El-Gamil outlets. Around its eastern and southern boundaries, Lake Manzala receives agricultural, industrial and domestic wastes through a lot of drains such as, Fareskour, Elserw, Hadous and Bahr Elbaqar, typical flow discharges of these drains can be seen in Fig. 2 which emphasis the great inflow of Bahr Elbaqar drain relative to other drains. The drains polluted inflows, beside other human activities such as land cultivation and human settelments, transformed the lake water quality status from a marine estuary environment to a eutrophic freshwater system composed of about 30 basins which are varying in their hydrological and water quality characteristics (Rashad and Abdel-Azeem 2010) . The study area a variable climate conditions, the air temperature ranges from 16 o C in January to 29 o C in August. The rainfall is limited, from December to February, usually below 50 mm. The wind speed ranges from 10 to 40 km/hr. ((Infospace ; Weather Underground) database), its main direction is the North and the western North as can be seen in the typical wind rose of the lake in Fig.  3 . Table 2 , for the lake, and Table 3 , for the drains. Some of these parameters are presented using Box Plot charts in Fig. 4 and Fig. 5 , for the lake and the main drains, respectively. It can be clearly noticed the critical water quality conditions of Bahr Elbaqar drain (in particular) and the stations No. 1, No.3 and No. 11 in the lake. A spatial representation for these water quality records in the lake in August 2011, as an example, can be seen in Fig. 6 . Critical water quality conditions in the eastern and southern zones of the lake can be clearly noticed. 
Lagoon Water Quality Index (L-WQI)
Due to the particular characteristics of lagoon systems, the L-WQI was developed by Taner et al. (2011) . The used water quality parameters are: DO, TN to TP ratio, nitrate, ortho-phosphate, Chl-a, COD, pH, turbidity and EC. This index based on establishing a new normalization function for each variable and using of a modified version of the weighted aggregation method (Taner et al., 2011) . Four classes for the lagoon water quality can be determined -on a scale from 0 to 100 -using L-WQI, these classes are: Excellent (100 -75), Good (75 -50), Critical (50 -25) and Very Poor (25 -0). L-WQI can be calculated using the following equations:
(1) 
Where , C i is the normalized value for each variable. Can be determines using "Variables Normalization Curves" in Taner et al. (2011) . P i is the weight factor for each parameter (e.g. P DO =0.25, P COD =0.23, P pH =0.10 …etc.). TS is the trophic status condition which is determined according to TN/TP ratio (Taner et al., 2011) .
L-WQI was applied to investigate the water quality status of the Küçükçekmece Lagoon by the index developers (Taner et al. 2011 ). The results were compared to the Oregon WQI and the Arithmetic Coastal WQI to evaluate the developed index (L-WQI). L-WQI satisfactory performed and could highlight the pollution impacts of the connected tributaries on the lagoon. For this study, turbidity parameter wasn't recorded, so it is not included in the index calculations.
National Sanitation Foundation Water Quality Index (NSF-WQI)
NSF-WQI is the most frequently used water quality index all over the world (Ribeiro Alves et al. 2014 ). It has been applied for surface water resources, including lakes and lagoons (Christia et al., 2014; Daniszewski, 2014; El-Rayis et al., 2012; Giordani et al., 2009; Puri et al., 2011; Sharifinia et al., 2013; Vaheedunnisha and Shukla, 2013) , check Table 1 , and groundwater resources. The NSF WQI has been developed by the National Sanitation Foundation (NSF) in 1970 (Brown et al. 1970) . Out of about 35 tests, nine water quality variables are used for the index: DO, fecal coliform, pH, BOD, temperature change, total phosphate, nitrate, turbidity and total solids. The index is computed as the weighted sum of sub-indices. Each parameter has a weight factor based on its test's importance in water quality and a rating curve gives a sub-index quality value, which ranges from 0 to 100, corresponding to the field measurements (the curves and weights can be found in Brown et al. (1970) . On a scale from 0 to 100, NSF-WQI classifies the water quality status into: Excellent (90-100), Good (70-90), Medium (50-70), Bad (25-50) or Very Bad (0-25). The NSF WQI can be calculated as follows:
Where, W i is the weight factor of the i th parameter. Q i is the quality of the i th parameter, can be obtained from the appropriate sub-index rating graph. For this work, total solids records were not available, so this parameter was excluded from the index calculations
RESULTS AND DISCUSSIONS
The averages of L-WQI and NSF-WQI for the main drains, during the studied period (Aug. 2011 -Aug. 2012 , are presented in Fig.7 . It can be clearly noticed that Bahr Elbaqar drain has the worst water quality status, among the four studied main drains, its averages L-WQI and NSF-WQI are 22.1 (Very Bad) and 50.9 (Medium), respectively. It returns to the excessive and heavy domestic and industrial effluents which are discharged in this drain (check Fig.5) ; the average BOD concentration (during the study period) is about 87.5 mg/l which is considered the maximum concentration for the studied drains. While the average COD concentration is about 102 mg/l, which is considered as a very high concentration. Hadous drain has the maximum average COD concentration among the studied drains; about 120 mg/l. The average DO concentration for Bahe Elbaqar drain is about 0.94 mg/l which is a very low concentration and represents a killing environment for fish, in summer Do concentration decreases to zero; oxygen depletion. For other studied drains, the same situation occurs in summer (oxygen depletion), while its average DO concentration is about 2.3 mg/l for the rest of the year. Regarding nutrients, Bahr Elbaqar drain has the highest nutrients concentrations; the averages TN and TP are 6 mg/l and 0.9 mg/l. In general, Bahr Elbaqar drain represents as one of the most polluted drains in Egypt. Following to Bahr Elbaqar drain, in this study, comes Hadous drain which has a critical water quality status; the averages L-WQI and NSF-WQI are 34 (Critical) and 57 (Medium), respectively.
The spatial averages of L-WQI and NSF-WQI for Lake Manzala, during the studied period (Aug. 2011 -Aug. 2012), are presented in Fig. 8 . The figure shows that stations No. 1, 3 and 11 have the worst water quality status among all studied stations; the averages L-WQI and NSF-WQI are 20.2, 21 and 19.5 [ Very Bad] -and 55.5, 60.6 and 58.2 [Medium], respectively. This water quality status of these three stations returns to their locations. Station No. 1 lies in the front of the outlet of Bahr Elbaqar drain, which has a very bad water quality status, as stated previously. This station recorded the minimum averages of pH (7.9) and DO concentration (0.82 mg/l) -and the maximum average concentrations of BOD (72.5 mg/l), COD (230 mg/l), TN (9.4 mg/l) and TP (1.07 mg/l), compared to other studied stations. While stations No. 3 and 11 lie in the southern sector of the lake, in the shallowest part of the lake, in the front of some drains including Hadous drain. This location is a far away from the lake outlet and the source of the freshwater canal (Enanya Canal). Both stations, No. 3 and 11, have the maximum average concentration of Chl-a (57 μg/l), low average concentrations of DO (1.9 and 1.7 mg/l, respectively) -and high average concentrations of COD (162 and 172 mg/l), BOD (24 and 33 mg/l), TN (5.9 and 7 mg/l) and TP (0.81 and 0.93 mg/l), which refers to a very polluted zone. The spatial distribution of the average L-WQI in the lake for the studied period can be seen in Fig. 11 . While L-WQI for August 2011 is presented in Fig. 12 , which represents the worst water quality status of the lake during the study period. The lake is divided into two zones, the western and middle zone, which has a critical water quality status and the eastern and southern which has a very bad water quality status due to the locations of the polluted drains. The results of this study confirm the results of the trophic status evaluation studies (Donia and Hussein, 2004; Ahmed et al., 2006) , which concluded that the southern sector of the lake has environmental problems.
Generally, L-WQI can clearly differentiate between the different water quality status in a better way than NSF-WQI in lagoons; L-WQI revealed that Bahr Elbaqar drain has the worst water quality status (Very Bad) among the other studied drains which have a critical water quality status. While NSF-WQI slightly shows this result; all the studied drains lie in the Medium water quality status category. In addition, NSF-WQI gives high values compared to L-WQIconsidering different water quality parameters and ranks. It returns to the characteristics of NSF-WQI which is a general water quality index. NSF-WQI is frequently used for assessing the quality of freshwater resources. While for lagoons, a specific WQI, such as L-WQI, should be used.
CONCLUSION
The water quality status of Lake Manzala has been assessed using two different water quality indices (L-WQI and NSF-WQI), based on collected water quality data at 15 stations in the lake and in the main drains. Based on the results, it can be concluded that the water quality status has a critical situation, according to L-WQI, and a very bad situation, in particular, at the southern and the eastern zones. So, an urgent water quality management for the main drains, in particular Bahr Elbaqar drain, should be implemented. And the lake should be divided into two sectors, the western and middle sector which can be allocated for fishing. While the eastern and southern sector should be controlled. Moreover, it is clearly can be reported that L-WQI is a representative tool for assessing water quality status for lagoons, while NSF-WQI, is a general WQI which shouldn't be used for lagoons as a false evaluation can be obtained.
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